A rapid, precise and accurate capillary gas chromatographic assay with flame ionization detection (GC-FID) was developed for the determination of tramadol (TMD) in biological samples. It is comprised of liquid extraction procedure with mixture (2:3, V dichloromethane /V ether ) at pH 11.15 and gas chromatography with SHIMADZU GC-14C. The recoveries of TMD and SKF 525A (internal standard) were in the range of 98.5-106.2% and at an average of 103.8%. Calibration graphs were linear over the concentration range of 5.0-400.0 μg/mL and 5.0-400.0 μg/g with coefficient of variation as [0.9-3.1% (within-day) and 1.4-5.5% (between-days)]. The limits of detection were 0.01 μg/mL in plasma and urine and 0.01 μg/g in liver based on signalto-noise ratio of 3. We also investigated the distribution of TMD in acute poisoned rats after oral administration at 1140 mg/kg of TMD (5×LD 50 ), and determined the average concentration in heart blood, peripheral blood, urine, vitreous humor, heart, lung, liver, spleen, kidney and brain, respectively. We concluded that the concentration of TMD in heart blood and liver is much higher compared to other body fluids and organs. Thus, blood and urine are suitable samples for forensic toxicological analysis. This developing analysis method and postmortem-distribution study can be potentially useful in forensic drug testing.
, is a centrally acting analgesic at opioid receptor, which appears to modify the transmission of pain impulses by inhibition of nor-epinephrine and serotonin uptake [1] . It has been used extensively to relieve medium and severe pain induced by operation and other reasons since its manufacture in 1970s. TMD can be administered orally, rectally, intravenously or intramuscularly [2] .
In patients with pain, intravenous or intramuscular tramadol exhibits an analgesic activity equivalent to meperidine and one-tenth the potent effect of morphine [3] . TMD is well tolerated in short term use, with the principal side effects of dizziness, nausea, vomiting, sedation, dry mouth and sweating. The tolerance and dependence potential of TMD appears to be low. It is a useful alternative to the opioid analgesics currently available for the treatment of acute and chronic pain [4] .
As it could be easily obtained and 'spiritual' effect is indeed strengthened after oral administration, reports of abuse, dependence, intentional overdose of TMD often occurred, and there were several cases of addiction or even death caused by TMD abuse all over the world [5] [6] [7] [8] [9] [10] [11] . Therefore World Health Organization (WHO) appointed TMD as the 5 th most abused drug.
Although TMD abuse is even much more severe over the world, there has been little study about postmortem distribution in TMD poisoning. This study has developed a gas chromatographic method (GC) with flame ionization detection (FID) and analyzed the distribution of TMD in acute poisoned rats, which could offer some references for such cases.
Experimental and standard solutions TMD (Reference Standards, Lot Number: 171242-200503) was obtained from Chinese Drugs & Biological Product Standardization Inst and SKF 525A (propyl-adiphenine, Internal Standard, Lot Number: 02626) was purchased from Ministry of Public Security. TMD tablets (50 mg per tablet, Lot Number: H10960043) were produced by Beijing Sihuan Pharmaceutical Holdings Group. A stock solution of 1.0 mg/ mL TMD was prepared in methanol and six standard solutions in samples were adjusted by a serial addition to blank plasma, urine and liver homogenate to final concentrations of 5.0 μg/mL, 15.0 μg/mL, 50.0 μg/mL, 100.0 μg/mL, 200.0 μg/mL, 400.0 μg/mL and 5.0 μg/g, 15.0 μg/g, 50.0 μg/g, 100.0 μg/g, 200.0 μg/g, 400.0 μg/g. A 1.0 mg/mL SKF 525A stock solution was prepared in methanol and further added 50.0 μg to every 1.0 mL and 1.0 g aliquot of samples. All organic solvents were analytical reagent, and all chemicals available at the toxicology laboratory were reagent grade.
Apparatus, chromatographic and spectrometric conditions
The determination of TMD was performed on SHIMADZU GC-14C with FID and N2000 chromatography work station. And a RTX-1 capillary column (30 m×0.32 mmID×0.25 μmdf, cross bond 100% dimethyl polysiloxane) was used for separation. Nitrogen fumes were used as carrier gas at constant flow of 1.0 mL/min. Injection was set as the split/splitless mode with split time of 0.5 min. The injector and detector temperature were 280 o C. The oven initial column temperature was 130 o C, which immediately increased to 205 o C at a rate of 15 o C/min and then to 240 o C at a rate of 10 o C min. The total run of one injection was 10.5 min. The gas chromatography conditions separating TMD and the internal standard offered a reasonable analysis time for each run. The retention times of TMD and internal standard were 5.6 min and 8.1 min, respectively. Data analysis was performed by N2000 chromatography working station. Animals 12 male SD rats, weighing between 180-220 g, which were supplied by Experimental Animal Center, Tongji Medical College, Huazhong University of Science and Technology (China), were divided into two groups randomly. In the experimental group, TMD was administered intragastrically at a dose of 1140 mg/Kg (5×LD 50 ), and in the other group, physiological saline was administered to act as control. Body fluids (blood added with EDTA) and viscera of rats were immediately collected after death, and samples were frozen at -20 o C until assay.
Sample preparation 50μL internal standard solution and 0.5 mL of 0.5M sodium carbonate buffer (pH 11.15) were added to a 10 mL capacity glass tube, fitted with a cap containing 1.0 mL body fluids (100.0 μL vitreous humor) or 1.0 g viscera homogenate. The samples were extracted with 4 mL mixture of dichloromethane and ether (V dichloromethane /V ether , 2:3) by mixing and shaking for 10 min on a vortex shaker. After centrifugation at 2000 r/min for 15 min, the organic layer was transferred into another 10 mL glass tube and all these steps were repeated once again. The organic layers evaporated dry by a Pressure Blowing Concentrator. The samples were reconstituted by 50.0 μL methanol. Aliquots of 1.0 μL were injected into the GC system.
Statistical Analysis
Experimental data were expressed as x ±s and SPSS 13.0 was used. Linear regression was used for statistical analysis. 
Results

Calibration and Limit of Detection
Calibration curves were prepared with blank peripheral blood, urine and liver samples spiked with TMD to cover the concentration range from 5.0 μg/mL to 400.0 μg/mL and 5.0 μg/g to 400.0 μg/g and with the internal standard at the fixed concentration of 50.0 μg/mL (Fig 2) .
Calibration curve was obtained by plotting drug concentrations against the peak-area ratio of TMD and SKF 525A , and it was operated by the average of three runs at every concentration. There were no interfering peaks to TMD during detection. The limit of detection, defined as a signal-to-noise ratio greater than 3, was 0.01μg/mL of plasma and urine, and 0.01 μg/g of liver. In some cases the concentration of drugs in samples maybe falls to levels that were difficult to detect hours or days after drugs being used. The limit of detection of this sensitive method could basically solve the problem. The linear regression slopes, intercepts and correlation coefficients of the calibration curves from rats' plasma, urine and liver are demonstrated in Table 1 . 
Repeatability and Precision
Repeatability and precision were prepared with blank peripheral blood samples added with TMD at concentration of 5.0 μg/mL, 50.0 μg/mL and 100.0 μg/mL and the internal standard at the fixed concentration of 50.0 μg/mL. They were obtained by plotting drug concentrations against the peakarea ratio of TMD and SKF 525A , and each sample was operated by the average of three runs at every concentration. The repeatability of the method was estimated by comparing spike area ratio of thirty samples at three different concentrations within-day and day-to-day. Precision was determined by spiked rats' samples with respect to a calibration graph prepared in five days. The precision of the method was evaluated as the within-day and day-to-day coefficient of variation (%) shown in Table 2 . The results indicate that the method showed good precision within-day and day-to-day. 
Recovery
The extraction recovery of TMD and the internal standard in peripheral blood were determined at three levels of the concentration by adding standard stock solutions to blank plasma. Then after the whole extraction procedure compare the data obtained by calibration graph. The recovery of TMD was between 98.5% and 106.2% at different concentrations (Table 3) . Compared with other extracted organic solvents or mixtures for extraction (such as benzene, diethyl ether or chloroform), the mix solvent dichloromethane and ether gave the best recovery and chromatograms with less background noise for both samples. The one-step extraction procedure is fairly rapid and convenient, which allows the analysis of large amounts of samples per day. Postmortem Distribution of TMD All rats went into hyperspasmia and convulsed after administration of TMD, and died in a time period of 15 min to 1 h. Samples were extracted and determined as steps aforementioned and the concentrations were demonstrated in Table 4 . The trend of concentrations was shown in Fig 3 . 
Conclusions Select and Optimization of Samples Preparation and GC Condition
The developed method which was based GC determination showed better sensitivity and specificity even when other drugs were present as compounds than some other methods [12] [13] [14] [15] . TMD, an alkaline drug [2] (Fig. 1) , was apt to one-step efficient liquid phase extraction at pH 11.15 during samples preparation. Mixture of ether and methylene dichloride (V dichloromethane /V ether , 2:3) and velocity of N 2 volatilization were points which deserved higher recoveries. That determinant was analysis at rate of 10 o C/min and 15 o C/min, was good for separation from complex backgrounds and better reproducibility.
Postmortem Distribution of TMD in Acute Poisoned Rats
The toxicological results substantiated the recommendation that heart blood are the "golden standard" samples [16] . Lower levels in other samples can be confused in the interpretation as to whether the post mortem level is potentially toxic or lethal. The concentration in vitreous humor is similar to that in peripheral blood. In view of the coherence, we could assume the vitreous humor a valuable specimen for toxicological analysis when blood is lacking or contaminated.
To a certain extent, postmortem distribution should be distinguished from postmortem redistribution by the time interval, that is, from the point of death to the point of samples collection. TMD is distributed extensively in acute poisoned rats, especially high levels can be found in heart blood, urine, liver and kidney. TMD is metabolized in liver due to first-pass elimination after taken and 80% of active compound and metabolite were excreted by the kidneys, which was the reason why there was a higher concentration of TMD in liver and kidney. TMD is lipophilic and easily passes through the blood-brain barrier so that there was a certain amount distribution in brain [17] [18] [19] .
Therefore, the toxicological findings including concentration and time-interval should be considered as a whole when drawing a conclusion. The developed method could be used for monitoring follow-up drug level of individuals during their medical treatment, and the results would support the diagnosis of poisoning or abuse. The alarming sign of increasing abuse of TMD should encourage law enforcement to accept and analog the valuable results obtained from experimental analysis for confirming TMD misuse.
